American Journal of Emergency Medicine 33 (2015) 383-390

Contents lists available at ScienceDirect

American Journal of Emergency Medicine

journal homepage: www.elsevier.com/locate/ajem

Original Contribution

Detection of acute myocardial ischemic injury by gender using a novel
cardiac electrical biomarker™* "

@ CrossMark

David M. Schreck, MD, MS #"*, Robert D. Fishberg, MD ©

@ Departments of Emergency Medicine and Internal Medicine, Summit Medical Group, Berkeley Heights, NJ
b Department of Medicine, Atlantic Health System, Overlook Medical Center, Summit, NJ
€ Department of Medicine and Division of Cardiology, Atlantic Health System, Overlook Medical Center, Summit, NJ

ARTICLE INFO ABSTRACT

Article history:
Received 14 November 2014
Accepted 12 December 2014

Objective: The objective of this study us to stratify by gender a new cardiac electrical biomarker (CEB) diagnostic
accuracy for detection of acute myocardial ischemic injury (AMII).
Methods: This is a noninferiority retrospective, case-control, blinded study of 310 archived measured electrocar-
diograms (ECGs) acquired from 218 men and 92 women. The CEB is constructed from the derived ECG (dECG)
synthesized from 3 leads. Electrocardiograms were included if acquired less than or equal to 1 day from patient
presentation. Electrocardiograms were interpreted by 2 blinded physicians and adjudicated by consensus.
Standard ST analyses and computerized ECG interpretations were active controls. Electrocardiograms were
excluded for noise and baseline wander, age younger than 18 years, and ectopic beats in the 10-second ECG
acquisition. Diagnostic accuracy measures of sensitivity, specificity, positive and negative predictive values, and
likelihood ratios were stratified by gender. Measured vs derived ECG correlations were quantitatively compared
using Pearson correlation and qualitatively by percent agreement methodology.
Results: The CEB sensitivities for AMII detection in men and women were 93.9% and 90.5%, respectively, and CEB
specificities were 90.7% and 95.2%, respectively, and were superior to active controls. Derived and measured
ECGs showed high correlation for both men and women with r = 0.857 and r = 0.893, respectively. Reference
standard intra-agreement analysis for measured ECGs and dECGs with AMII was 99.4%.
Conclusions: The CEB demonstrates high diagnostic accuracy for detection of AMII in men and women. The ECG can
be derived with accuracy from 3 leads. This technology is an efficient real-time method of identifying patients with
AMII who are being monitored in acute care settings.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction rhythm monitoring with the added simultaneous advantage of

acquiring the derived 12-lead ECG (dECG) and scalar 3-lead derived

The concepts of a new and novel cardiac electrical biomarker (CEB)
and the derived 15-lead electrocardiogram (ECG) have been recently
reported by Schreck and Fishberg [1,2]. Briefly, cardiac electrical activity
is reported to be highly dipolar [3,4], and as such, only 3 measured
orthogonal leads should be needed to actually derive this composite
15-lead ECG from just 5 body surface electrodes that are connected to
a cardiac rhythm monitoring device. This will allow continuous cardiac
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vectorcardiogram, a composite 15-lead ECG, instantaneously and in
real-time using 1 cardiac rhythm monitoring device. The objective of
this study is to identify the CEB diagnostic accuracy, stratified by gender,
compared to active controls (ACs).

2. Materials and methods

This is a noninferiority, retrospective, blinded, case-control, paired
comparator [5] study of ECGs from 218 men and 92 women.
These 310 measured ECGs (mECGs) of various morphologies were
obtained from 2 databases including an archived National Institutes of
Health-funded Physiobank PTBDB database [6] and a database from
Muhlenberg Regional Medical Center (Plainfield, NJ). The Muhlenberg
Regional Medical Center database includes consecutive patients who
were admitted to the emergency department (ED) with chest pain.
Patients included men and women, age 18 years or older. The stan-
dard mECGs were acquired using a Marquette MAC-15 machine
(GE Healthcare, Waukesha, WI). The study ECGs represent a gender stra-
tification subanalysis of a recent prior study by Schreck and Fishberg [1].
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ST Elevation:
New ST elevation at the J point in two contiguous leads with the cut-points:
= 0.1 mV in allleads other than V2-V3 where the following cut-points apply:
Men = 40 years: = 0.2 mV
Men < 40 years: =0.25mV
Women: =0.15mV

ST Depression and T Wave Changes:
New horizontal or down-sloping depression > 0.05mV in two contiguous leads and/or
T inversion> 0.1 mV in two contiguous leads with prominent R wave or R/S ratio> 1.

Fig. 1. ST criteria for ECG interpretation of AMIL

Electrocardiograms were included if acquired less than or equal to 1 day The dECGs were constructed from 3 measured leads I, I, and V5,
from patient presentation. Electrocardiograms were excluded for exces- which were converted to a 3-lead orthogonal basis set of {I, aVF, V,}
sive noise and baseline wander, age younger than 18 years, and paced [7] using Einthoven triangular geometric relationships. The 15-lead
or ectopic beats in the 10-second ECG period from which a “median dECGs were synthesized from this orthogonal lead set. The CEB is con-
beat” is determined. structed from the median beat from each dECG using the VectraplexECG

Assessed for Eligibility: 643
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TEST SET: 367
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*EP Exclude: *Adjudication Exclude: *Cardiology Exclude:
ECG > 1day: 52 ECG > 1d: 57 ECG > 1 day: 35
EP < 1day: 315 Adjudication: 310 Cardiology < 1 day: 332
AMI: 67 AMI: 67 AML: 57
Non-AMI: 248 Non-AMI: 243 Non-AMI: 275

*Note: Differences between EP , Adjudication and Cardiology sample size is due to diagnosis and associated exclusion criteria

ECG = Electrocardiogram

UPTM = Universal patient transformation matrix
PVC = Premature ventricular contraction

EP = Emergency physician

AMI = Acute myocardial infarction

Fig. 2. Flow diagram for case enrollment. Abbreviations: UPTM, universal patient transformation matrix; PVC, premature ventricular contraction; AMI, acute myocardial infarction.
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